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What's Is HPSDR All About?

A group of worldwide enthusiasts interested in developing
an open source hardware and software project intended as a
"next generation" Software Defined Radio for use by Radio
Amateurs and Short Wave Listeners.



Who are TAPR?

Tucson Amateur Packet Radio

TAPR 1s a community that provides leadership and
resources to radio amateurs for the purpose of advancing
the radio art.

For HPSDR they typically help with the development of
the hardware by funding the cost of building Alpha and
Beta boards. They will then make a production run of
some number of boards that they will sell through their web
site to recoup their costs for the development.




TAPR Open Hardware License

The TAPR Open Hardware License ("OHL") provides a
framework for hardware projects that 1s similar to the one
used for Open Source software.

This 1sn't as straight-forward as 1t seems because legal
concepts that work well for software (such as copyright and
copyleft) don't neatly fit when dealing with hardware
products and the documentation used to create them.

Noncommercial OHL restricts use of design for
commercial use.


http://www.opensource.org/
http://www.copyright.gov/circs/circ1.html
http://www.gnu.org/copyleft/

Software Defined Radio (SDR)

An SDR is a communications device where the typical
hardware components such as mixers, filters,
amplifiers, modulators/demodulators, detectors, etc.
are implemented in software.

Such a design produces a radio which can receive
and transmit widely different radio protocols
(sometimes referred to as waveforms) based solely
on the software used.


http://en.wikipedia.org/wiki/Radio

HPSDR

Basic Hardware Components
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Firmware Development

Written in VHDL

Quartus IT Web Edition FPGA design software

e Free download from Altera (www.altera.com)
— Windows and Linux versions.



HPSDR

CIC Filter

module cic( clock, in_strobe, out strobe, in_data, out_data );

//design parameters

parameter STAGES = 3;
parameter DECIMATION = 16;
parameter IN. WIDTH = 18;

//computed parameters

//ACC_WIDTH = IN_WIDTH + Ceil(STAGES * Log2(DECIMATION))
//OUT_WIDTH = IN_WIDTH + Ceil(Log2(DECIMATION) / 2)
parameter ACC_WIDTH = IN_WIDTH + 12;

parameter OUT_WIDTH = IN_ WIDTH +2;

input clock;

input in_strobe;

output reg out_strobe;

input signed [IN. WIDTH-1:0] in_data;
output signed [OUT _WIDTH-1:0] out_data;

//
// control
/]
reg [15:0] sample no;

initial sample no = 15'd0;

always @(posedge clock)
if (in_strobe)

begin

if (sample no == (DECIMATION-1))
begin
sample no <= 0;
out_strobe <= 1;
end

else
begin
sample no <= sample no + 8'd1;
out_strobe <= 0;
end

end

else
out_strobe <= 0;

1/

// stages
1/

wire signed [ACC_WIDTH-1:0] integrator data [0:STAGES];
wire signed [ACC_WIDTH-1:0] comb_data [0:STAGES];

assign integrator_data[0] = in_data;
assign comb_data[0] = integrator data[STAGES];

genvar i;
generate
for (i=0; i<STAGES; i=i+1)
begin : cic_stages

cic_integrator # ACC_WIDTH) cic_integrator inst(
.clock(clock),

.strobe(in_strobe),
.in_data(integrator_datal[i]),
.out_data(integrator data[i+1])

);

cic_comb #ACC_WIDTH) cic_comb _inst(
.clock(clock),
.strobe(out_strobe),
.in_data(comb_data[i]),
.out_data(comb_data[i+1])
)i

end

endgenerate

I
/ output rounding
I

assign out_data = comb_data[STAGES][ACC_WIDTH-1:ACC_WIDTH-OUT WIDTH] +
{{(OUT_WIDTH-1){1'b0}}, comb_data[ STAGES][ACC_WIDTH-OUT WIDTH-1]};

endmodule
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Passive backplane.

Atlas

6 DIN connectors.
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HPSDR

OZY/Magister

Interface controller.

Cypress FX2 USB
2.0 controller

Altera Cyclone II
FPGA.

Interface for PTT
and CW paddles.




Metis (OZyII) 'ﬁs'{‘?&* 'h{,_ﬂq:m e * “ . : f . e
Interface controller. e o

10/100/1000
ethernet.

Altera Cyclone III
FPGA.

Interface for PTT
and CW paddles.




OZY Black Diagram
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HPSDR

Both OZY and Magister can also be configured
to look like a USB-Blaster for loading FPGA
code to Mercury and Penelope.



ﬂ HPSDR

Mercury

0-65 MHz direct
sampling receiver.

Linear Technology

LTC2208 130MSPS 16-
bit A/D converter.

Altera Cyclone I1I FPGA.

Digital Down Conversion
to 48K, 96K or 192K.



Mercury Performance

ADC overload: -12dBm (preamp on), +8dBm (preamp off)

MDS (500Hz), 160m - 6m: -138dBm (preamp on), -118dBm
(preamp off)

IP3 equivalent (independent of spacing): +33dBm (preamp on),
>+50dBm (preamp off)



Mercury DDC
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Mercury - Verilog Block Diagram
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ﬂ HPSDR

Penelope P
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15 watt transmitter/exciter
board.

Digital Up Conversion.

i1~ PENMELDPE DUC T1
(a4 httped fhpedr.or

Altera Cyclone II FPGA.

Microphone mput and A | i
to D converter.
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HPSDR

Penelope

WSPR code available to download to the FPGA that will allow Penelope to
run in a stand alone.

Requires building code with modified call for the user and frequency to
transmit on before downloading to Penelope.



Excalibur

External 10MHz reference clock.

Built in TCXO that 1s better than the on board
oscillators.

Input for external GPS Disciplined Oscillator.
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Alex (Filters,Ant switch).

Pennywhistle (16-20 watt PA)




Ml 4psSDR

Pandora
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HPSDR
HERMES/APOLLO

e Alpha version with filter board (Apollo)



HPSDR

Tayloe Detector (Dan Tayloe)

50 Ohm Antenna

The switch rotates at the carrier frequency so that each capacitor samples
the signal once each revolution. The 0° and 180° capacitors differentially sum
to provide the in-phase (l) signal and the 90° and 270° capacitors sum to
provide the quadrature (Q) signal.



Ml 4psSDR

Mercury Digital Down Conversion

CORDIC

LT2208

LT2208 ADC sampling at 125MHz

ADC output 0 - 62.5MHz

Decimate by 640

Output = 125MHz/640 = 195ksps (24 bit samples)

Decimating fillers




Mercury Digital Down Conversion

By decimation we have eased the load on the PC but
increased the complexity of the DDC

But there 1s an additional advantage of decimation!

Every time we decimate by 2 we increase the output
SNR by 3dB




ﬂ HPSDR

| and Q signals

| — in-phase
Q — quadrature (delayed by 90 degrees)

Use FFT to convert complex 1/Q time domain signal to frequency domain. Each
bin contains spectral density of the signal within that bins bandwidth. If we are
sampling at 48000 samples per second and have 4096 bins for the FFT then each
bin has a bandwidth of 11.71Hz.

Further filtering and processing allows us to demodulate the signals.

Inverse FFT used to convert the frequency domain signal back to time domain

_ A Software-Defined Radio for the Masses, Part 1
http://www.flex-radio.com/Data/Doc/qex1.pdf

— Quadrature Signals: Complex, But Not Complicated
http://www.dspguru.com/dsp/tutorials/quadrature-signals


http://www.flex-radio.com/Data/Doc/qex1.pdf

HPSDR

DttSP

Open Source Digital Signal Processing package
developed by Dr.Frank Brickle and Dr. Robert
McGwier (uses FFTW3).

Implements the basic modulation, demodulation,
signal conditioning, and synchronisation processes
required to operate a high performance transceiver
using DSP as the detection and synthesis stages.




HPSDR

Windows Software — FlexRadio PowerSDR
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HPSDR

Windows Software — KISS Konsole

[ HPSDR K.1.5.5. Konsole ¥1.0.0 «<your callsign here!= @
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2 D Bm— 2|
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HPSDR

Linux Software - ghpsdr
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HPSDR

USB

I/Q samples

Software S
& Audio

HPSDR Server
RX-0 Buffer RX-n Buffer

Commands | RX-0 1/Q RX-n 1/Q Commands

TCP connection for Commands
I/Q data sent over UDP



USB Interface

USB Output Data Stream

USB data is transferred in 512 byte packets.
Always at 48K.

8 bytes of header data (rx freq, tx freq, mox, duplex).

63 Transmit I/Q data and Audio samples.
Audio

| and Q samples are 16 bits.
Audio samples are 16 bits.



e Software

USB 1I/Q Data Stream

USB data is transferred in 512 byte packets.

8 bytes of header data.

Receiver I/Q data and Mic sample.
Rx-0 Rx-n

| and Q samples are 24 bits (3 bytes).
Microphone samples are 16 bits (2 bytes).



HPSDR

e Software

Bandwidth Requirements

24 bit | samples
24 bit Q samples

48000 samples per second = bits per second
96000 samples per second = bits per second
192000 samples per second = bits per second

For just 1 receiver!

8 receivers at 192000 = bits per
second




HPSDR

Software
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HPSDR

Software
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USB
I/Q samples

e Software gﬁg’lg T

HPSDR Server
RX 0 Buffer RX n Buffer

commands RX-01/Q RX-n 1/Q commands

DSP Server
(RX-0)

Spectrum Data
Audio data

commands

Internet

Client



HPSDR

e Software

— Bandwidth requirements per receiver

e Spectrum data sent as 8 bit values
o Client requests number of samples - currently 480 at
10 requests per second.

e Audio data sent as 8-bit aLaw at 8000 samples per
second.

e Spectrum data = 480*10*8 = 34800 bits per second
* Audio data =8000*8 = 64000 bits per second

» 98800 bits per second per receiver



ﬂ HPSDR

Software

Java Applet Client
Runs in any browser window.
Can be run as a standalone application.

@ © )Monitor: goorx.homelinux.net
ml IEII +|2l:II +|6CI
AFGain 7.077300 LsB

12

X
b
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ﬂ HPSDR

Software - Android Client
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HPSDR
Software - QtRadio

QtRadio

7.108.750

Uses Qt 4 (from Nokia) — multiplatform GUI support
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File Edit View Bul

HPSDR
Software — GNU Radio

2@ @0 +*ssb_rx.grc - /home/john - GNU Radio Companion

n £

0 &

0 E&»

Options
1Dz ssb_rx_v07
Title: S5B Receiver V0.7
Author: 0Z9AEC
Description: Simpl...rototype

Variable Variable
1D: samp_rate ({ 1D: LO
Value: 96k Value: 0

Variable Slider

ID: offset_coarse
Label: Coarse tune
Default Value: 0
Minimum: - 120k
Maximum: 120k
Converter: Float

Grid 16, 2,1, 2

Variable Static Text
ID: lo_freg

Label: LO

Default Value: 0
Converter: Float

Grid Position: 5,2, 1, 1

Variable Slider
1D: offset_fine
Label: Fine tune
Default Value: 0
Minimum: -1k
Maximum: 1k
Converter: Float
Grid Position: 6,0, 1. 2

Variable Slider
1D: width

UDP Source
IP Address: 127.0.0.1
Port: 13k
Payload Size: 512
Null Pkt is EOF: True
Wait for Data: True

Label: Filter

Default Value: 2 6k
Minimum: 100
Maximum: 5k
Converter: Float

Grid Position: 70,1, 1

Variable Slider
1D: center
Label: Center
Default Value: 15k
Minimum: -5k
Maximum: Sk
Converter: Float
Grid Position: 8,0, 1. 1

Variable Slider

Label: Trans

Variable
1D: trans 1D: low 1Dz high
Value: 200

Variable

Value: 2.8k

Default Value: 500
Minimum: 100
Maximum: 2k
Converter: Float

Grid Position: 9,0, 1, 1

Variable Text Box
1D: freg
Label: HPSDR
Default Value: 14.2M
Converter: Float
Grid Position: 5, 1. 1. 1

Variable Static Text
ID: x_freq

Label: Receive
Default Value: 14.2M
Converter: Float

Grid Position: 5. 3, 1, 1

FFT Sink

Title:

Sample Rate: 96k

Blocks

Variable
ID: xlate filter_taps
Value: firdes.low_pass(L. ..

Frequency Xlating FIR Filter

Decimation: 1

Taps: xlate_filter_taps
Center Frequency: 0
Sample Rate: 96k

-

Baseband Freq: 0

Y per Div: 10dB

¥ Divs: 10

Ref Level (dB): 0

Ref Scale (p2p): 13.49
FFT Size: 512

Refresh Rate: 15
Average Alpha: 500m
Window Size: 800, 300
Grid Position: 0.0, 5. 4

Band Pass Filter
Decimation: 5
Gain: 1
Sample Rate: 96k
Low Cutoff Freq: 200
High Cutoff Freq: 2.8k
Transition Width: 500
Window: Hamming
Beta: 6.76

AGC2
Attack Rate: 100m
Decay Rate: 100u
Reference: 300m
Gain: 1
Max Gain: 1

AGC2
Attack Rate: 100m
Decay Rate: 50u
Reference: 300m
Gain: 1
Max Gain: 1

Selector

AGC2
Attack Rate: 100m
Decay Rate: 10u

Output Index: 0

Rational Resampler
Decimation: 500
Interpolation: 441
Taps:

Fractional BW: 0

Variable Slider
1D: rf_gain
Label: RF
Default Value: 20
Minimum: ¢
Maximum: 50
Converter: Float
Grid Position: 7,1, 1. 1

Variable Slider

Variable Chooser

Audio Sink
Sample Rate: 44.1KHz

Variable Chooser

= [ Sources ]

Constant Source
Signal Source
Noise Source
Vector Source
Random Source
GLFSR Source
Null Source
File Source
TCP Source
UDP Source
Audio Source
Wav File Source
Message Source
Pad Source
Virtual Source

[ sinks ]

[ Graphical Sinks ]

[ Operators ]

[ Type Conversions ]

[ Stream Conversions ]

[ Misc Conversions ]

[ synchronizers ]

[ Level Controls ]

[ Filters ]

[ Modulaters ]

[ Error Correction ]

[ Line Coding ]

[ Vocoders ]

[ Probes ]

1D: af_gain

Label: VOL

Default Value: 1
Minimu

Maximum: 5
Converter: Float

Grid Position: 8,1, 1. 1

1D: display_selector
Label: Spectrum
Default Value: 0
Choices: 0, 1

Labels: Baseband, USRP
Type: Drop Down

Grid Position: 5. 0.1, 1

ID: age
Label: AGC

Default Value: 1

Choices: 0,1, 2

Labels: Fast, Medium, Slow
Type: Drop Down

Grid Position: 9,1,1, 1

[ USRP ]

[ variables ]
[ Misc ]

[ NOAA ]

[ Pager]
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Trace Options
Peak Hold

Tra

Axis Optmns
dB/Div:

Ref Level:

Autoscale

Stop

Options
Average

—_—
Axes Options
Time Sc¢

Dyn Range:
Ref Lev
Color: | RGB1

Autoscale

Clear

Stop




E HPSDR

Software - QtRadio

Demonstration?



HPSDR References

http://openhpsdr.org
Wiki
Teamspeak
Reflector
Links

Teamspeak recordings
http://www.hamsdr.com/dnld.aspx

http://www.tapr.org
svn://64.245.179.219/svn/repos_sdr hpsdr/trunk/N6LY T
g0orx.blogspot.com

john.d.melton@googlemail.com


http://openhpsdr.org/
http://www.tapr.org/
mailto:john.d.melton@googlemail.com
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